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(57) Abstract: A semiconductor memory architecture for embedded memory instances (204A, 204B) having redundancy. A fuse 
box register (206) is provided outside the memory macro associated with the memory instances. The memory instances are daisy- 
chained to the fuse box register (206) containing a plurality of fuses (302) used for storing fuse data associated with the defective rows 
and columns of the memory. During power-up or after blowing the fuses, the contents of the fuses (i.e., fuse data) are transferred to a 
plurality of volatile redundancy scan flip-flops (304). The fuse box (206) is then deactivated 10 eliminate quiescent through the fuses 
(302). The redundancy scan flip-flops (304), connected in a scan chain, are located inside the fuse box (206) as well as the memory 
instances (204A, 204B). During the shifting mode of operation, the fuse contents are scanned into individual flip-flops, organized 
as scan registers (208A, 208B) for row redundancy and column redundancy, of the memory instances. Redundant elements are 
nre-tested bv bypassing the fuses (302) and directly scanning in arbitrary patterns into the redundancy scan flip-flops (304) (override 
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ARCHITECTURE WITH MULTI-INSTANCE 
REDUNDANCY IMPLEMENTATION 

BACKGROUND OF THE INVENTION 

5 

Technical Field of the Invention 

The present invention relates generally to semiconductor memories, and more 
particularly, to memory compilers for semiconductor memories with redundant memory 
cells and fuses for storing faulty memory cell data, wherein the semiconductor memories 
10 are preferably provided for embedded System-On-Chip (SOC) applications. 
Description of Related Art 

Silicon manufacturing advances today allow true single-chip systems to be 
fabricated on a single die (i.e., System-On-Chip or SOC integration). However, there 
exists a "design gap" between today's electronic design automation (EDA) tools and the 

15 advances in silicon processes which recognizes that the available silicon real-estate has 
grown much faster than has designers' productivity, leading to underutilized silicon. 
Unfortunately, the trends are not encouraging: the "deep submicron" problems of non- 
convergent timing, complicated timing and extraction requirements, and other complex 
electrical effects are making silicon implementation harder. This is especially acute when 

20 one considers that analog blocks, non-volatile memory, random access memories (RAMs), 
and other "non-logic" cells are being required. The gap in available silicon capacity 
versus design productivity means that without some fundamental change in methodology, 
it will take hundreds of staff years to develop leading-edge integrated circuits (lCs). 

Design re-use has emerged as the key methodology solution for successfully 

25 addressing this time-to-market problem in semiconductor IC design. In this paradigm, 
instead of re-designing every part of every IC chip, engineers can re-use existing designs 
as much as possible and thus minimize the amount of new circuitry that must be created 
from scratch. It is commonly accepted in the semiconductor industry that one of the most 
prevalent and promising methods of design re-use is through what are known as 

3 0 Intellectual Property ("IP") components - pre-implemented, re-usable modules of circuitry 
that can be quickly inserted and verified to create a single-chip system. Such re-usable IP 
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components are typically provided as megacells, cores, macros, embedded memories 
through generators or memory compilers, et cetera. 

It is well-known that memory is a key technology driver for SOC design. 
Although providing high quality embedded memory IP in SOC applications poses several 
5 challenges, the total density of embedded memory has been increasing rapidly. It should 
be readily appreciated by those of ordinary skill in the art that without the use of 
redundancy, the fabrication yields of SOC devices and other embedded memory systems 
will be very low. 

Several techniques exist for providing redundancy in conventional stand-alone, 

1 0 single-chip memories. In fact, such redundancy techniques have been largely responsible 
for the ever-increasing densities of the single-chip memories. Incorporating conventional 
redundancy schemes in embedded memory IP applications, however, has numerous 
shortcomings and drawbacks. First, providing redundancy using the existing techniques 
is a cost-effective solution only when the memory density is greater than a certain 

1 5 minimum number of bits. It is generally accepted that if the support circuitry needed for 
redundancy occupies more than 5% of the memory area, the design is not area-efficient. 

It should be readily apparent that such requirements pose a great difficulty in the 
area of embedded memory design. For example, the embedded memories are typically 
provided in various sizes (i.e., densities) and distributed throughout the system (i.e., 

20 different memory instances). The requirement of redundancy in smaller memory 
instances, accordingly, would result in an unacceptably large redundancy overhead (that 
is, high area-inefficiency). 

Further, conventional redundancy techniques typically involve placing fuse 
elements within the memory array for effectuating row redundancy and column 

25 redundancy. In general, they are placed in row decoders, faulty address storage areas, 
column fuse banks, et cetera. It should be readily appreciated that such schemes give rise 
to inefficient layouts because routing over fuse areas is not allowed, thereby causing 
routing congestion and related "place and route" problems. Also, because of the routing 
bottlenecks around the fuse areas, creating multi -level power grids may not be feasible in 

30 SOC circuits. 
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In addition, because there are limits to how small a laser-activated fuse element 
needs to be, the size of fuse elements does not scale in correspondence with the size of 
memory core cells. Relatedly, the pitch of fuses normally does not match the pitch of 
memory cells. Accordingly, it would be very difficult to tile fuses and connect fuses to 
5 periphery layouts, especially in the context of memory compilers that need to be highly 
flexible in terms of supporting different memory configurations and types for embedded 
applications. 

Based on the foregoing, it should be readily apparent that there has arisen an acute 
need for a semiconductor memory architecture solution that advantageously overcomes 
10 these and other deficiencies of the prior art technologies as set forth hereinabove. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a scalable memory 
compiler for designing an arbitrary number and size of embedded memory instances with 

15 redundancy. It is a further object of the present invention to minimize area overhead 
associated with adding redundancy. Yet further object of the present invention relates to 
minimizing speed/performance impact due to redundancy. Still further objects of the 
present invention include: minimizing power consumption increase and maintaining zero 
power consumption, and providing flexibility in terms of fixing various types of defects. 

20 In one aspect, the present invention is directed to a memory architecture having 

redundancy. A fuse box register (provided outside the memory macro) and an arbitrary 
number of memory instances are connected in a daisy chain. The fuse box register 
contains a plurality of fuses used for storing locations of defective rows and columns of 
a main memory array. During power-up or after blowing the fuses, the contents of the 

25 fuses (i.e., fuse data) are transferred to a plurality of volatile redundancy scan flip-flops. 
The fuse box register is then deactivated to eliminate quiescent current through the fuses. 
The redundancy scan flip-flops, connected in a scan chain, are located inside the fuse box 
register as well as the memory instances. During the shifting mode of operation, the fuse 
contents are scanned into individual flip-flops (organized as volatile scan registers) of the 

30 memory instances. Redundant elements are pre-tested by bypassing the fuses and directly 
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scanning in arbitrary patterns into the redundancy scan flip-flops (override mode). Row 
and column redundancy is effectuated using the contents of the redundancy scan flip-flops. 

In another aspect, the present invention is directed to a method of effectuating a 
redundancy scheme in a memory circuit. The redundancy method provides a fuse area 
5 outside a main memory area of the memory circuit, wherein the fuse area is used for 
storing fuse information corresponding to faulty locations of the main memory area. The 
method also provides a plurality of redundancy scan flip-flops in the main memory area. 
A redundant memory area of the memory circuit is pre-tested to verify its functionality. 
The main memory area is tested thereafter to determine faulty locations. Information 
1 0 corresponding the faulty locations is then stored in the fuse area. Upon power-up of the 
memory circuit, the redundancy scan flip-flops are reset and the fuse information is 
scanned into the flip-flops. Based on the fuse information stored in the plurality of 
redundancy scan flip-flops, the faulty locations in the main memory area are replaced with 
redundant locations. 

15 In a further aspect, the present invention relates to an integrated semiconductor 

device which comprises a plurality of memory instances embedded in the integrated 
semiconductor device's circuitry, wherein at least one of the plurality of memory instances 
comprises a prime memory array and a redundant memory portion. A volatile scan 
register comprising a plurality of concatenated flip-flops is disposed in the memory 

20 instance with redundant memory portion. A fuse box register is disposed external to the 
plurality of memory instances (i.e., memory macro) in a selected area of the integrated 
semiconductor device. The fuse box register includes a plurality of fuses for storing fuse 
information/data, each fuse being in either an open or closed state. Preferably, the fuse 
data is related to the location data of one or more faulty portions in the prime memory 

25 array. Also provided is means for transferring the fuse information to the volatile scan 
register upon a reset and power-up of the integrated semiconductor device. The fuse 
information is used in the course of operation of the integrated semiconductor device for 
replacing a faulty portion in the prime memory array with at least a part of the redundant 
memory portion. 

30 In yet further aspect, the present invention is directed to a memory compiler for 

use with designing an integrated semiconductor device wherein the device includes a 
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plurality of embedded memory instances. At least one of the plurality of embedded 
memory instances includes a redundant portion. The compiler is comprised of a memory 
macro cell associated with the plurality of embedded memory instances. A fuse box 
register is located outside the memory macro and includes a plurality of fuses for storing 
5 fuse information in order to effectuate a replacement of a faulty memory portion in the 
embedded memory instance with the redundant portion. Also provided is a plurality of 
redundancy scan flip-flops located in the memory macro associated with the embedded 
memory instances. The fuse information is scanned into the redundancy scan flip-flops 
at power-up of the integrated semiconductor device. In one embodiment, the redundancy 

10 scan flip-flops are organized into a scan register and the faulty memory portion includes 
a faulty wordline. A portion of the scan register contains an address of the faulty 
wordline, wherein the scan register is coupled to a comparator provided for comparing a 
row address with the address of said faulty wordline. The comparator generates a control 
signal for effectuating a replacement of the faulty wordline with a wordline provided in 

15 the redundant portion when there is a match between the row address and the address of 
the faulty wordline. 

In another embodiment, the memory compiler includes a plurality of 2:1 
multiplexers, the output of each of which is provided to a corresponding I/O block of the 
memory instance. Each 2: 1 multiplexer receives inputs from two sense amplifiers coupled 
20 to adjacent column blocks, including a redundant column block provided in the redundant 
portion. The faulty memory portion preferably includes a faulty column block. The 
redundancy scan flip-flops are organized into a scan register, the contents of which 
provide control signals to the 2:1 multiplexers for steering one of their respective sense 
amplifier inputs to the corresponding column I/O. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present invention may be had by reference 
to the following Detailed Description when taken in conjunction with the accompanying 
drawings wherein: 

30 FIG. 1A (Prior Art) depicts a simplified layout of a conventional stand-alone 

memory chip with redundancy; 
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FIG. IB (Prior Art) dep ots a simplified layout of a typical SOC device having a 
plurality of embedded memory instances wherein some of the memory instances are 
provided with conventional redundancy implementations; 

FIGS. 2 A - 2C (Prior Art) depict a simplified row redundancy scheme used in 
5 conventional implementations; 

FIGS. 2D and 2E (Prior Art) depict two simplified column redundancy schemes 
used in conventional implementations; 

FIG. 3 A depicts an exemplary embodiment of a SOC device including a plurality 
of memory instances wherein redundancy is implemented in accordance with the teachings 
10 of the present invention; 

FIG. 3B illustrates the scalability of an exemplary embodiment of a Fuse Box™ 
having an array of fuses (hereinafter "fuse array") provided in accordance with the 
teachings of the present invention; 

FIG. 4 depicts an exemplary functional block diagram of a Fuse Box™ and an 
15 arbitrary number of memory instances daisy-chained thereto in accordance with the 
teachings of the present invention; 

FIG. 5 A illustrates an exemplary schematic diagram of a redundancy scan flip- 
flops provided as a scan chain in a memory instance depicted in FIG. 4; 

FIG. 5B depicts a block diagram of an exemplary redundancy scan chain provided 
20 in a memory instance; 

FIG. 6A depicts an exemplary fuse implementation for use with the Fuse Box™ 
of the present invention; 

FIG. 6B depicts an exemplary embodiment of a Fuse Box™ register in accordance 
with the teachings of the present invention; 
25 FIG. 7A depicts a timing diagram of the various signals used in the provisioning 

of redundancy in accordance with the teachings of the present invention; 

FIG. 7B depicts a flow diagram of the operation of a presently preferred 
redundancy scheme provided in accordance with the teachings of the present invention; 

FIG. 8 A depicts a functional schematic block diagram of a presently preferred row 
30 redundancy scheme for selecting a block of redundant wordlines to replace a 
corresponding block of faulty wordlines in a memory array; 
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FIG. 8B depicts a functional schematic block diagram of an exemplary scheme for 
de-selecting or disabling a block of wordlines in a memory array; 

FIG. 8C depicts a timing diagram for the row address, CLK, and Q signals with 
respect to the row redundancy scheme of the present invention; 
5 FIG. 8D illustrates a flow diagram of apresently preferred row redundancy method 

provided in accordance with the teachings of the present invention; 

FIG. 9 depicts a functional schematic block diagram of a column redundancy 
scheme for replacing a block of bitlines with a redundant block in accordance with the 
teachings of the present invention; 
10 FIG. 1 OA illustrates an exemplary embodiment of a multiple column redundancy 

scheme; 

FIG. 10B illustrates another exemplary embodiment of a multiple column 
redundancy scheme; 

FIGS. 1 1 A and 1 1 B depict an exemplary sub word access scheme for writing into 
15 a memory using a partial portion of its I/O; and 

FIG. 12 illustrates the present invention's advantage with respect to routing in a 
semiconductor memory device. 

DETAILED DESCRIPTION OF THE DRAWINGS 

20 In the drawings, like or similar elements are designated with identical reference 

numerals throughout the several views thereof, and the various elements depicted are not 
necessarily drawn to scale. Referring now to FIG. 1A, depicted therein is a simplified 
layout of a conventional stand-alone memory chip 1 0 with redundancy. An array of 
memory cells 12 (e.g., Static Random Access Memory or SRAM, Dynamic Random 

25 Access Memory or DRAM, Electrically Programmable Read-Only Memory or EPROM, 
and the like), including a redundant portion 13, is provided in a conventional organization 
(i.e., N rows by M columns, in x8 or xl6 outputs, et cetera). A row fuse area 14 is 
provided near a row-decode area 32 in the memory chip 10 wherein fuses coupled to 
faulty rows or wordlines are laser-blown during the testing of the memory chip 10 so as 

30 to de-select or disable the faulty wordlines. Similarly, a column fuse area 16 is also 
provided in the memory chip 10 for implementing column redundancy. A fuse 



7 



WO 01/41150 



PCT/USOO/42421 



logic/storage area 1 8 is included wherein appropriate circuitry is provided for storing the 
addresses or location information of faulty rows and columns, and for comparing 
externally supplied addresses with the faulty addresses to produce relevant selecting and 
de-selecting signals. The chip area comprising the fuse areas 1 4 and 1 6, redundant portion 
5 13, and fuse logic/storage area 18, may be termed "redundancy overhead" because that 
area is not used for creating the primary memory cells. 

FIG. 1 B depicts a simplified layout of a typical SOC device 20 having a plurality 
of embedded memory instances, for example, 22A through 22G, in addition to other 
blocks such as a logic block 28, an analog block 30, and a processor block 26. As is well- 

10 known in the industry, the embedded memory instances may comprise a variety of 
memory types. Furthermore, a portion of the embedded memory instances may include 
row and/or column redundancy in a conventional manner as set forth above with respect 
to the stand-alone memory device 10. In each of the memory instances having 
redundancy, the overhead is cumulatively exemplified by an overhead area 21. 

15 FIGS. 2 A - 2C depict a simplified conventional row redundancy scheme used in 

stand-alone memories and SOC devices such as those described hereinabove. A row 
decoder, such as the row-decode 32 which may typically include pre-decoders, multi-stage 
decoders, et cetera, decodes externally-supplied address signals 34 in order to select a 
particular row or wordline, for example, WL N ., 42, among a plurality of wordlines (WL 0 - 

20 WL N .,) of the memory array or instance. A fuse 36 is provided between the row decoder 
32 and WL N ^ 42, with appropriate logic such that when the fuse 36 is laser-blown, i.e., 
an "open" is created thereby, a weak pull-up 38 drives the input node of an inverter 40 
HIGH. Accordingly, the output node of the inverter 40, which is coupled to the wordline 
WL^, 42 is driven LOW, thereby disabling that wordline. 

25 During the testing of the memory, some of the rows may fail for a number of 

reasons (for example, defects such as inter-row shorts, et cetera, in the fabrication 
process). Such failing wordlines are disabled by opening the appropriate fuses. Also, the 
addresses of the failing wordlines are stored in a fuse storage area (for example, the fuse 
logic/storage area 18 shown in FIG. 1A). As is well-known, these faulty addresses are 

30 used subsequently in appropriate comparator logic blocks for effectuating the selection of 
one or more redundant wordlines. 

8 
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In some implementations, each Wl^is provided with a fuse arrangement described 
above. In such cases, faulty wordlines are typically replaced one by one. In other 
conventional implementations, however, a block of wordlines is provided with a single 
fuse, thereby facilitating the disabling of the entire block and replacing it with a redundant 
5 block. 

In FIG. 2B, a simplified redundant row selection scheme is shown. Two redundant 
wordlines RWL 0 106 and RWL } 108 are exemplified. Each of the redundant wordlines 
is coupled to a comparator (comparator 1 1 0 or comparator 112) that receives row address 
signals 34 and a faulty row address stored in a register. For example, the comparator 1 1 0 

1 0 receives the faulty address stored in the register 1 14 and the comparator 1 1 2 receives the 
faulty address stored in the register 116. The logic arrangement of the comparators 
110/112 and inverters 102/104 is such that where there is a match between the incoming 
row address and a stored faulty address, the output of the inverter 1 02 or 104 goes HIGH, 
thereby enabling the selection of a redundant wordline connected thereto. 

1 5 FIG. 2C depicts a fuse-based register 1 1 4 or 1 1 6 used for storing a faulty address. 

A plurality of fuses, for example, fuses 128A - 128C, are coupled to a data path 120 or 
122 that is connected to the appropriate comparator. Each fuse element (e.g., fuse 1 28 A) 
is provided with a pull-up resistor, e.g., resistor 126A, such that when the fiise is in an 
open state, a logic HIGH is provided on the line coupled to it. Similarly, where the fuse 

20 is in a closed state, a logic LOW is provided. Accordingly, the combination of the fuses 
and associated pull-ups represents a logic word corresponding to a faulty wordline in the 
memory array. 

FIGS. 2D and 2E depict two conventional column redundancy schemes, 
respectively. In the redundancy scheme shown in FIG. 2D, each column block 203 of the 

25 memory array (corresponding to an output or I/O line of the array) is provided with its 
own redundant columns 209. A column multiplexer (MUX) 205 and a sense amplifier 
(SA) 207 are conventionally provided to select a column (or bitline) for data output. A 
redundant MUX 211 is disposed between the column MUX 205 and SA 207 for 
appropriately selecting the redundant columns 209. A comparator 213 compares the 

30 external address information with the stored faulty column addresses so as to effectuate 
the replacement of one or more defective columns. Where there is a column address 
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match, the output of the comparator 213 is used as a control signal for controlling the 
redundant MUX 21 1 which connects its output to the redundant columns. As can be 
readily appreciated by those of ordinary skill in the art, the particular I/O line address need 
not be specifically provided to the comparator 213 since each output block has its own 
5 redundancy. 

In the column redundancy scheme shown in FIG. 2E, the redundant column block 
209 is provided as a common redundant block for all output blocks, e.g., blocks 217A, 
217B, and so on. Again, each of the output blocks is conventionally provided with a 
column MUX. A redundant MUX is provided with respect to each I/O line wherein the 

1 0 redundant MUX is disposed between the S A and column MUX associated therewith. For 
example, I/O 0 is coupled to SA 215A which, in turn, is MUXed to receive inputs from 
the column MUX 219A or the redundant columns 209. Electrical paths 225 A and 225B 
emanate from the redundancy columns 209 for coupling to each SA/MUX arrangement. 
A comparator 213 is provided for comparing incoming column addresses with the stored 

15 faulty locations. Where there is a match, the comparator 213 generates a control signal 
for controlling the redundant MUXs in order to effectuate redundancy. The comparator 
also receives the specific I/O address as an input. It should be readily appreciated that 
because of the common redundancy block arrangement, the electrical paths from the 
redundant bitlines span the entire array and are typically highly capacitive, as exemplified 

20 by C WL 223A and 223B. 

As stated in the Background section of the present patent application, the 
conventional redundancy schemes set forth above have numerous drawbacks and 
disadvantages which are exemplified hereinbelow with particular reference to FIGS, 
described thus far. For instance, the row fuse area 14 is very area-inefficient, in addition 

25 to generating routing problems. The pitch 4 1 of the wordlines (i.e., line width plus space) 
and the row fuse pitch 43 are typically mis-matched, which gives rise to tiling problems 
in the context of memory compilers. Further, the fuse register area (i.e., fuse storage area 
1 8) also contributes to the problem of area-inefficiency, especially in smaller memories 
where the unusable guard ring area surrounding the fuse areas is disproportionately larger 

30 in comparison to higher density memories (since as the array size is doubled, only one 
more fuse is needed). 
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With respect to the conventional column redundancy scheme depicted in FIG. 2D, 
it should be readily appreciated that as the number of columns per output decreases, the 
overhead becomes increasingly significant, which again is a characteristic of small 
memories. On the other hand, while the column redundancy scheme provided in FIG. 2E 
5 mitigates the overhead problems, it engenders additional disadvantages. For example, 
speed is negatively impacted because of the highly capacitive electrical paths from the 
redundant columns, which are provided to each output block of the memory array. Also, 
such capacitive paths are prone to noise injection and render electrical signals 
uncontrollable. 

10 Referring now to FIG. 3 A, depicted therein is a simplified layout of an integrated 

circuit device 202 (for example, a SOC device and the like) having a plurality of memory 
instances, e.g., 204A through 204D, wherein redundancy is implemented in accordance 
with the teachings of the present invention. An array of fuses 206, as characterized by a 
Fuse Box™ ( wherein the trademark is owned by the assignee of the present patent 

15 application and the use of the ™ symbol and/or capital letters is minimized elsewhere in 
the present patent application, including the claims and drawings, solely for the sake of 
simplicity), is provided external to the memory instances. That is, in the terminology of 
memory compiler art, the fuse box/array is provided outside the memory macro or core 
corresponding to the memory instances wherein all the fuse elements necessary for 

20 effectuating redundancy in the memory instances are grouped together for storing 
information pertaining to faulty memory locations therein. Each of the memory instances 
includes a prime or main memory array and a redundant portion in any known manner or 
organization. Preferably, the redundant portions are not required to be of the same size 
for the memory instances. Further, each of the memory instances is provided with a 

25 volatile storage element (e.g., registers 208A through 208D) whose size corresponds to 
the size of the redundant portion disposed therein. 

In accordance with the teachings of the present invention, the memory instances 
204A - 204D are daisy-chained with the fuse box 206 via a signal path 257, in addition 
to being coupled to certain enable and clock signals. As will be described in greater detail 

30 hereinbelow, signals effectuated on these signal paths are used, upon power-up followed 
by a reset of the device 202, for transferring or scanning out the contents of the fuse 
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elements in the fuse box to the volatile registers 208A - 208D disposed in the memory 
instances 204A - 204D, respectively. The contents of the individual registers 208A - 
208D are then used for effectuating row redundancy (wordline replacement) or column 
redundancy (bitline replacement wherein a redundant block of bitlines are selected and a 
5 faulty block of primary memory bitlines are de-selected) in a particular memory instance. 

As briefly alluded to in the Background section of the present patent application, 
the advantages of the present invention are more particularly emphasized in the context 
of memory compilers used for the design of embedded memories, e.g., SOC devices, 
custom-specific ICs, et cetera. Accordingly, those of ordinary skill in the art should 

1 0 realize upon reference hereto that the present invention may preferably be embodied in 
any suitable IP form. 

FIG. 3B illustrates the scalability of the Fuse Box™ design of the present 
invention. As is well-known in the semiconductor industry, the benefits of design re-use 
are maximized when an IP core is usable in, and adaptable to, several configurations and 

1 5 applications. Since the placement of fuse elements is no longer coupled with the memory 
instances, and because any number of fuses can be easily tiled together, extraordinary 
flexibility is readily obtained in the present invention. It should be appreciated that the 
logic area 1103 associated with the fuse box 206 of the present invention remains 
relatively constant, which includes such components as drivers, clock circuitry, and reset 

20 circuitry. Each field of fuses, corresponding to a memory instance, may be viewed as an 
ohmic component tile (e.g., 1 102-1 through 1 102-N, where N is design-specific) that is 
highly scalable without deleterious effects on performance, speed, et cetera. Moreover, 
because fuses in the each field need to be provided with a guard ring (e.g., guard ring 1 1 06 
around fuse 1 1 04), grouping fuses together in a fuse box reduces the large guard ring and 

25 associated surrounding area found in conventional fuse implementations, thereby 
minimizing the area overhead. Furthermore, the redundancy scheme of the present 
invention as presently preferably embodied in a memory compiler is highly adaptable to 
a variety of memory configurations, instances, and instance types because of the ease of 
adding fuses on an "as needed*' basis. 

30 FIG. 4 depicts an exemplary functional block diagram of the fuse box/array 206 

with an arbitrary number of memory instances (labeled as INST-0 through INST-N, where 
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N is arbitrary, and having reference numerals 204A, etc.) that are daisy-chained as 
described hereinabove. FIG. 5A illustrates an exemplary schematic embodiment of a 
volatile shift register disposed in each of the plurality of memory instances (and the fuse 
box, as will be described in greater detail below) as a block of redundancy scan (RSC) 
5 flip-flops (FFs) 402-1 through 402-M. A RESET signal 308, RSCEN signal 310, CLK 
signal 312 and OVRSCIN signal 306 are provided as inputs to the fuse box 206. The 
RSCEN 210 and CLK 312 signals are used as inputs to an AND gate 404 that outputs a 
gated clock signal 403 when both RSCEN and CLK are true (i.e., HIGH). The gated clock 
signal 403 is applied to the clock inputs 405 of the clocked D flip-flops. In addition to the 

1 0 RSCEN and CLK signals, an RSCOUT signal 3 1 8 is provided as an output of the fuse box 
206 for daisy-chaining the plurality of memory instances as illustrated. The RSCOUT 
signal 318 from the fuse box 206 is provided to an RSCIN input (e.g., RSCIN 314A) of 
the first memory instance 204A, wherein the RSCIN signal line 3 1 4A is coupled to the D 
input 407 of the first redundancy scan flip-flop 402-1 . The Q output 409 of the flip-flop 

15 402-1 is then connected to the D input of the next flip-flop 402-2. This arrangement is 
repeated for all the redundancy scan flip-flops disposed in a memory instance and the Q 
output of the last flip-flop therein is provided to the RSCOUT output (e.g., RSCOUT 
3 1 6A) thereof. The RSCOUT signal 3 1 6A is connected to the RSCIN input of the next 
memory instance (e.g., RSCIN 314B of INST1 204B, etc). In this manner, the plurality 

20 of memory instances provided in a memory compiler are concatenated. FIG. 5 B 
depicts a block diagram of an RSC flip-flop chain provided in a memory instance, e.g., 
the RSC flip-flops 402-1 through 402-M exemplified hereinabove, organized into a 
portion used for row redundancy (X-RDFF) 551 and a portion used of column redundancy 
(Y-RDFF) 553. The RSCIN signal 314A, RSCEN signal 310, CLK signal 312, and the 

25 RSCOUT signal 3 1 6A, shown in FIG. 5A, are also illustrated herein. 

The fuse box 206 contains a plurality of fuses 302 for storing fuse information or 
fuse data pertaining to defective wordlines and bitlines of the memory instances. Further, 
as mentioned above, the fuse box 206 is also provided with a plurality of redundancy scan 
flip-flops 304 wherein the number of flip-flops (for example, K) preferably equals or is 

30 greater than the total number of all flip-flops disposed in the memory instances. The fuses 
302 in the fuse box are used to initialize the flip-flops 304 with the fuse data upon power- 
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up or reset. Once the flip-flops T«04 are initialized, the data therein is scanned out into the 
memory using the same flip-flops as scan registers. Preferably, the fuses and FFs in the 
fuse box are organized as a fuse box register with K register elements depicted in greater 
detail in FIGS. 6A and 6B. During power-up or after blowing the fuses, the contents 
5 thereof (i.e, fuse data or fuse information) are shifted into the volatile flip-flops of the 
memory instances (i.e., the shifting mode) and the fuse box is deactivated thereafter to 
eliminate or reduce quiescent current through the fuses. The transferred fuse data in the 
flip-flops is then used for effectuating row or column redundancy as set forth in greater 
detail hereinbelow. The fuses may preferably be organized into a number of fields (e.g., 

10 an arbitrary N), each fuse field corresponding to one memory instance. It should be 
apparent that the size of an individual fuse field is dependent upon the amount of 
redundancy provided in the memory instance associated therewith. 

The OVRSCIN signal 306 is provided for entering arbitrary address or location 
information in an override mode into the redundancy scan flip-flops 304 provided in the 

15 fuse box 206. In the override mode the contents of the fuses are bypassed. By scanning 
appropriate location information into the redundancy scan flip-flops 304 before the fuse 
data is entered (i.e., prior to laser-blowing the fuses) and scanning that information out on 
a field-by-field basis, redundant wordlines or bitlines in individual memory instances may 
be pre-tested easily. Also, the redundancy flip-flops can be tested quickly by scanning 

20 arbitrary patterns into them. During the override mode, the CLK signal 312, which may 
be generated from a system clock or a separate clock circuit, is issued 2xK times, where 
K is the total number of the flip-flops connected in a scan chain (when loading the fuse 
box, the CLK signal 3 1 2 is issued K times and when the contents of the fuse box are 
scanned out, it is issued K times). 

25 FIG. 6A depicts an exemplary implementation of a fuse element 502 for 

effectuating zero quiescent power consumption in the fuse box 206 after the contents 
therein have been scanned out. Reference numeral 5 1 1 refers to an equivalent symbol of 
the fuse element circuitry. FIG. 6B depicts an exemplary fuse box register arrangement 
601 with K register elements provided in accordance herewith. FIG. 7A depicts a timing 

30 diagram of the appropriate signals in connection with the redundancy scanning scheme 
provided herein. When the RESET signal 308 is active, all the flip-flops are reset. A 
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falling edge 603 therein triggers a LOAD pulse 504 which is applied to the gate of a 
transistor 506 of the fuse element circuitry. If the fuse 502 is blown (i.e., the fuse in the 
"open" state), the transistor 506 discharges a Node A (reference numeral 512) that is 
provided as an input to an inverter 5 1 0. The output of the inverter 5 1 0 is provided to the 
5 gate of a transistor 508 disposed in a "half-latch" arrangement therewith. If the fuse is in 
"closed" state, the Node 512 remains at a power supply level. Preferably, the transistor 
506 is sized such that the IR drop across the fuse 502 is minimal. Further, the transistor 
506 may be advantageously provided as a weak transistor where hundreds of fuses are 
employed and the peak current is to be minimized. 

1 0 Continuing to refer to FIG. 7A, a rising edge 605 in the CLK signal 3 1 2 is used for 

scanning either the fuse contents or override data (available on the OVJRSCIN signal line 
306) into redundancy scan flip-flops. A rising edge 607 in the RSCEN signal 3 1 0 enables 
these two scan-out operations. 

As shown in FIG. 6B, an individual fuse box register element, e.g., register 

15 element 603, comprises a fuse latch 51 1 and FF 513, for effectuating the operations set 
forth above. The first register element 603 also includes a 2:1 MUX 515. Those of 
ordinary skill in the art should readily understand that the 2:1 MUX 515 is provided for 
selecting either the fuse data in the fuse latch 5 1 1 or the override data present on the 
OV_RSCIN signal line 306 in order to furnish to the D input of the fuse box FF 5 1 3 . The 

20 Q output of the fuse box FF 513 is daisy-chained with the rest of the fuse box FFs in a 
fashion analogous to a memory instance scan chain described above. Accordingly, the Q 
output of the K lh register element (i.e., element (K-1)) is provided as the RSCOUT signal 
318 of the fuse box. 

FIG. 7B depicts a flow diagram that summarizes the steps used in the operation 

25 of a presently preferred redundancy scheme provided in accordance with the teachings of 
the present invention. Upon power-up of the integrated circuit or device embodying the 
teachings of the present invention (step 602), a reset of all the redundancy flip-flops is 
effectuated (step 604). Although not explicitly shown herein, a pre-testing operation may 
be performed in the override mode as described hereinabove. Thereafter, the fuse 

30 information/data is stored in the fuses (e.g., by appropriately laser-blowing the fuses) with 
respect to defective rows and columns as determined upon suitable testing. Subsequently, 
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the fuse data is transferred from the fuses to the FFs in the fuse box (step 605). 
Thereafter, the data in the fuse box FFs is scanned out into redundancy scan flip-flops in 
the memory instances using the signals described in the foregoing (step 606). Normal 
memory operations, for example, read/write operations, etc. (step 608) may be performed 
5 thereafter. Depending upon whether a failing row or column is accessed, redundant row/s 
or column/s in the corresponding memory instance are appropriately enabled (step 610). 

Referring now to FIG. 8A, depicted therein is a functional schematic block 
diagram of a presently preferred exemplary embodiment of a row redundancy scheme for 
selecting (i.e., enabling) a block of redundant wordlines (RWL0 - RWL7, organized into 

1 0 two groups, Group- A 704A and Group-B 704B, of four RWLs each) in a memory instance 
in accordance with the teachings of the present invention. FIG. 8B depicts a functional 
schematic block diagram of a simplified scheme for disabling a plurality of faulty 
wordlines in the main array of the memory instance. 

As shown in FIG. 8 A, two logic blocks, logic block 701 A and logic block 70 IB, 

15 are utilized in selecting between the two groups of RWLs for block replacement of four 
wordlines in the prime memory array of a memory instance, Each logic block is provided 
with a plurality of incoming row address signals XADR[0:5] 705A/705B. The row 
addresses are compared by comparators 702A/702B of the logic blocks 701 A/70 IB with 
the contents of redundancy scan flip-flops (after the appropriate fuse data has been 

20 scanned in). As exemplified, the contents of RSC[8:13] (reference numeral 101 A) and 
RSC[0:5] (reference numeral 707B) are available from a suitable row redundancy scan 
register associated with the memory instance, e.g., X-RDFF 551 (shown in FIG. 5B), for 
such comparisons in order to determine if faulty row locations are being accessed. The 
output of the comparators 702A/702B is ANDed with a redundancy enable bit (RSC15 

25 or RSC7, which are preferably set at the time of loading the RSC FF scan chain in the 
memory instance with the fuse box data) by logic gates 708 A/708B, respectively, provided 
in the logic blocks. Accordingly, it should be apparent that the redundancy enable bit 
(RSC 15 or RSC7) must be set in order to enable the RWL groups. The outputs of the 
logic blocks, Redundancy Match A (RMA) 7 1 OA and Redundancy Match B (RMB) 7 1 0B, 

30 are then combined with outputs (WC[0:3]) from a wordline clock 706 (provided as a 4: 1 
decoder with ADR4 and ADR5 signals as inputs) in order to enable the appropriate 
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RWLs. In addition, the outputs RMA 710A and RMB 710B are also provided to the 
circuitry depicted in FIG. 8B for disabling the faulty wordlines in the prime/main memory 
array. 

Referring now to FIG. 8B, a simplified 2-stage row decoder circuit 802 receives 
5 outputs PA[0:3] and PB[0:3] from two pre-decoder circuits 806A and 806B. Each pre- 
decoder circuit is exemplified with four AND gates (reference numerals 828A - 828D and 
830A - 830D). Row address signals ADR6, ADR7, and their complements are provided 
as inputs to the pre-decoder 806A. Similarly, row address signals ADR8, ADR9, and their 
complements are provided as inputs to the pre-decoder 806B. In addition, the 

10 complements of the RMA 71 OA and RMB 7 1 OB signals from the logic blocks 
70 1 A/701 B, shown in FIG. 8 A, are also provided as inputs to the pre de-coders 806 A and 
806B, respectively. Accordingly, it should be readily appreciated that when either of the 
Redundancy Matches is HIGH (that is at least one redundancy enable bit is set), either 
RMA or RMB is asserted LOW, thereby pulling the pre-decoder outputs (either PA[0:3] 

15 or PB[0:3]) to a logic LOW also. In the exemplary embodiment shown herein, the logic 
of the 2-stage row decoder 802 is implemented such that when the pre-decoder outputs are 
LOW, output 810 of logic gate 808 is driven HIGH. 

A clocked 4:1 WC decoder 804 is used in this exemplary row disabling scheme 
for controlling wordline logic 813 disposed between the wordline WL0 8 1 8 and the output 

20 stage of the row decoder 802. The WC decoder 804 is exemplified as a circuit comprising 
four 3-input AND gates (826A - 826D) which receive ADR4, ADR5, and their 
complements, in addition to the CLK signal. Each of the WC[0:3] outputs from the 
clocked WC decoder 804 is provided to the corresponding wordline logic block 813 
comprised of a pass transistor 814, a pull-up transistor 812 and an inverter 816. 

25 In general operation of the row de-selecting scheme described above, when a 

Redundancy Match is found after the comparators 70 1 A/70 1 B in FIG. 8 A have completed 
the address comparison, the output of the row decoder 802 is driven HIGH. This logic 
state is passed to the input of the inverter 816 by appropriately turning on the pass 
transistor 8 1 4 and turning off the pull-up transistor 8 1 2 3 as effectuated by a corresponding 

30 WC output gated by the rising edge of the CLK signal. Accordingly, the logic state of 
WL0 is driven LOW thereby de-selecting that wordline in the main array. 
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It should be appreciated that two groups of RWLs are provided in the presently 
preferred exemplary row redundancy scheme in order to repair any arbitrary row defects 
including row-to-row shorts across a pre-decode boundary. Also, redundancy is 
effectuated in groups of four rows to minimize the speed impact due to adding redundancy 
5 circuitry. By replacing a group of four rows at once, 4:1 address decoders can be 
advantageously used instead of 2: 1 address decoders. Since the two least significant bits 
(LSBs) of row-addresses do not require to be compared, the speed of address comparison 
and CLK-to-Q delay are improved thereby. 

Furthermore, as depicted in the timing diagram of FIG. 8C, address comparison 

10 is preferably performed before the rising edge of the CLK signal so that there is little 
impact on the cycle time (t cc ) and the CLK-to-Q delay (i.e., access time, t cq ). Whereas 
there may be a small increase in the set-up time because of the address comparison time, 
it should be appreciated by those skilled in the art that such increase is of no significant 
consequence with respect to the performance of the semiconductor device. 

1 5 FIG. 8D depicts a flow diagram of a presently preferred row redundancy method 

provided in accordance with hereinabove. After receiving an incoming row address (step 
840), a comparison is made between the address and the contents of the redundancy scan 
flip-flops provided in a memory instance to determine if there is a match (decision block 
842). If a match is found, another determination is made to verify if the redundancy 

20 enable bit is set (decision block 844). If so, wordlines in the main array of the memory 
instance, as decoded from the appropriate row address signals, are de-selected (step 846). 
In conjunction therewith, a block of redundant wordlines are accessed in lieu of the de- 
selected main memory wordlines (step 848). Normal memory operations ensue thereafter 
(step 850) which may include additional redundancy-related procedures. 

25 Referring now to FIG. 9, depicted therein is a functional schematic block diagram 

of a column redundancy scheme for replacing a block of columns (i.e., bitlines) with a 
redundant block in accordance with the teachings of the present invention. An exemplary 
primary memory 953 is organized into three blocks of columns, BLK0 902A, BLK1 902B 
and BLK2 902C, each of which is provided with a plurality of bitlines (BLs), a column 

30 MUX and a sense amplifier (SA). Accordingly, SAO 916A and COL MUX 961 A, SA1 
916B and COL MUX 96 IB, and SA2 916C and COL MUX 96 1C are provided with 
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BLKO, BLK1 and BLK2, respectively. A redundant block of columns, RBLK 902D, and 
associated sense amplifier RSA 9 1 6D and COL MUX 96 1 D are provided for redundancy. 

A plurality of 2: 1 MUXs (where the number of MUXs is provided to be one less 
than the total number of column blocks including the RBLK block) are disposed between 
5 the outputs of SAs (RSA included) and the three outputs 1/02 904, 1/Ol 906 and I/OO 908. 
Three MUXs 910, 912 and 914 are exemplified herein. On the input side, each MUX is 
coupled to two adjacent S A outputs, including the RSA output. Accordingly, for example, 
the SAO and SA1 outputs are provided as the two inputs to MUX 914. Similarly, the SA1 
and SA2 outputs are provided to MUX 912, and the SA2 and RSA outputs are provided 

1 0 to MUX 9 1 0. On the output side, MUX 9 1 4 is coupled to I/OO 908, MUX 9 1 2 is coupled 
to I/Ol 906, and MUX 910 is coupled to 1/02 904. 

In accordance with the teachings of the present invention, each 2:1 MUX is 
associated with a 1-bit register preferably provided as a redundancy scan flip-flop (e.g., 
FF 913, FF 91 1, or FF 909) in a suitable column redundancy scan register (e.g., Y-RDFF 

15 portion 553 shown in FIG. 5B) associated with the memory instance. As explained in 
detail hereinabove, the contents of the redundancy flip-flops in turn are scanned in from 
the fuse elements of the fuse box 206. The output of the redundancy scan flip-flop is used 
as a MUX control input for steering one of the SA inputs of the 2:1 MUX to its output. 
For example, if a "1" is loaded in FF 91 3, the MUX 914 output (i.e., I/O0 908) is coupled 

20 to SAO. On the other hand, if a "0" is loaded in FF 913, SA1 is steered to the output. 
Accordingly, it should be realized by those of ordinary skill in the art upon reference 
hereto that by properly loading the flip-flops, any three of the four column blocks 
(including the RBLK 902D) may be selected, thereby leaving out the one faulty block. 
For example, assume that BLK1 902 B is tested to be faulty. The appropriate fuse 

25 data to effectuate column redundancy is [1][0][0]. That is, FF 913 is loaded with "1" 
(steering SAO to the output 908); FF 91 1 is loaded with "0" (steering SA2 to the output 
906); and FF 909 is loaded with "0" (steering RSA to the output 904). It can be seen that 
the faulty block's SA1 output is avoided advantageously in this scheme. 

In a presently preferred exemplary embodiment of the output-based column 

30 redundancy scheme set forth above, a total of forty one blocks are provided, each block 
having 16 columns. The 41 st block, BLK40, is provided as the redundant block. Also, 
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forty SA outputs (SAO through SA 39) and one RSA output are provided in connection 
therewith. Since there are 4 1 total blocks, forty 2:1 MUXs are disposed between the forty 
outputs (Q0/D0 through Q39/D39) and the SAs. To properly steer the SA outputs via the 
MUXs in accordance with the teachings of the present invention, forty redundancy scan 
5 flip-flops (whose outputs are denoted by RSC15 through RSC54) are provided. The 
contents of the fuse box corresponding to these flip-flops are determined after suitable 
testing of the memory instance. Thereafter, by scanning out the fuse data into RSC flip- 
flops of the Y-RDFF portion, appropriate blocks (forty out of forty one blocks) are 
advantageously selected. 

10 It should be apparent that the selection/de-selection of column blocks described 

hereinabove is based on steering the appropriate SA output to a corresponding MUX 
output. Accordingly, the column-based redundancy scheme disclosed herein may also be 
termed as the '"output-based" redundancy scheme. FIGS. 10A and 10B depict two 
exemplary schemes for selecting an arbitrary number (e.g., N) of redundant column blocks 

15 in order to replace an equal number of faulty primary column blocks in accordance with 
the teachings of the present invention. The scheme provided in FIG. 10A operates by 
adding extra layers of 2:1 MUXs for successively steering the SA outputs, their 
multiplexed outputs, and so on, to the respective I/O paths. In the exemplary scheme, four 
outputs are illustrated: I/O0 1006 A, I/Ol 1006B, 1/02 1006C, and 1/03 1006D. Two 

20 redundant column blocks, RSA0 1002E and RSA1 1002F, are provided for 
repairing/replacing up to two of the four primary column blocks, shown with their 
respective SAs: SAO 1002A, SA1 1002B, SA2 1002C, and SA3 1002D. It should be 
appreciated that for the sake of simplicity, the multiple bitlines and column MUXs of the 
respective column blocks are not explicitly illustrated herein. 

25 A first level 2:1 MUX arrangement comprising five MUXs (reference numerals 

1008 A through 1008E) is used for steering the outputs of all SAs (including those 
associated with the two redundancy SAs) to the appropriate MUX outputs based on the 
contents of a suitable sub-section of the Y-RDFF portion 553 of the memory instance. As 
there are five 2:1 MUXs in the first level MUX arrangement, the contents of five FFs 

30 (reference numerals 1007 A through 1007E) are accordingly utilized for appropriately 
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steering the SA outputs in a manner described in detail hereinabove with respect to the 
single column block redundancy scheme. 

In accordance herewith, a second level 2:1 MUX arrangement, comprising four 
MUXs (reference numerals 1010A through 1010D), is provided for steering the outputs 
5 of the first level MUXs to suitable I/Os. Another sub-section of the Y-RDFF portion 553, 
comprising FF 1007F through FF 10071, is used for proper output steering. 

Those of ordinary skill in the art should readily understand upon reference hereto 
that by adding N levels of 2: 1 MUXs in accordance with the teachings herein, N defective 
column blocks may be advantageously replaced by a corresponding number of redundant 

10 blocks. Also, the number of FFs required may be computed as £(P-K); where P = the 
total number of S As, and K - 1 to N. 

Referring now to FIG. 10B, the same four-I/O instance described above is 
exemplified herein also for the sake of illustration. Instead of multiple levels of 2; 1 MUX 
arrangements, a single level of 3 : 1 MUX arrangement (having four such MUXs, reference 

15 numerals 1 004 A through 1004D) is provided for steering the SA outputs to appropriate 
I/O path. Each 3:1 MUX is provided with three SA inputs, one of which is steered to the 
corresponding I/O based on the contents of a two-FF sub-portion from the Y-RDFF 
portion 553. For example, MUX I004A receives SAO 1002 A, SA1 1002B and SA2 
1 002C as its inputs, and its output (coupled to I/O0 1 006 A) is determined depending upon 

20 the contents of FF 1009A and FF 1009B. Accordingly, in this exemplary embodiment, 
a total of eight FFs are shown in the Y-RDFF portion 553 for properly steering the SAs, 
including the two redundancy SAs, RSA0 1002E and RSA1 1002F. Those of ordinary 
skill in the art should realize that this single MUX level scheme is scalable for 
repairing/replacing arbitrary N defect column blocks by providing a plurality of (N+l):l 

25 MUXs, equal to the number of I/Os. Also, the total number of FFs required may be 
computed as [INT{log 2 (N-l)}.(P-l)j, where P is the number of SAs. 

It should be realized that the output-based column redundancy scheme of the 
present invention (regardless of the number of redundant blocks involved) has several 
benefits such as, for example, requiring no address comparators and having very small 

30 area overhead. Accordingly, the speed penalty is very minimal. Also, it should be 
appreciated that the design is very robust since multiplexing is done after the sense 
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amplifier stage. Furthermore, tho ease and simplicity of the scheme which operates on a 
full output replacement mode readers it very compiler-friendly. 

FIGS. 1 1 A and 1 IB depict an exemplary subword access scheme for writing into 
a memory via a subset of an I/O 1212, wherein the memory instance is provided with an 
5 output-based column redundancy in accordance with the teachings of the present 
invention. A byte-wide I/O is exemplified herein. Also, by way of example, a nibble- 
wide write access (a HIGH nibble or a LOW nibble) is depicted. Each I/O is provided 
with a 2:1 MUX as per the column redundancy scheme set forth hereinabove. Also, a 
total of nine SAs (SAO through SA8) are provided, each of which is coupled to a write 
10 column MUX (not shown) associated with a particular column block (including the 
redundant block). 

A plurality of Data In Drivers (DINO through DIN8, collectively denoted by 
reference numeral 1212), each of which is associated with a corresponding SA, are 
provided for writing data into appropriate column blocks. DINO through DIN3 are 

1 5 controlled by a Write Enable Mask ( WEM 1 ) 1 204, so as to effectuate a nibble-wide write. 
Similarly, DINS through DIN8 are controlled by another WEM, WEMO 1206, for 
effectuating a nibble-wide write also. When the data is written using only a portion of 
the byte-wide I/O (i.e., either the HIGH or LOW nibble), a boundary condition exists with 
respect to SA4. This is so because SA4 is MUXed to either 1/04 (i.e., HIGH nibble) or 

20 1/03 (LOW nibble), depending on the setting of the Y-RDFF portion that controls the 2:1 
MUXs in accordance with the column redundancy scheme of the present invention. 
Accordingly, the associated DIN, that is, DIN4, of SA4, needs to be suitably controlled 
to write the data into either a HIGH nibble column or a LOW nibble column. 

FIG. 1 I B depicts the use of the Y-RDFF scan register setting for determining 

25 whether WEM1 1204 or WEMO 1206 controls DIN4 associated with SA4. A 2:1 MUX 
1214 is utilized wherein the WEMs provide the inputs and the MUX output is provided 
as a DIN4 Enable signal. Depending on the scan register setting (i.e., whether SA4 is 
MUXed to 1/03 or 1/04) which provides the control signal for the 2 : 1 MUX 1214, WEMO 
or WEM1 is appropriately provided as the DIN4 Enable signal for writing into the 

30 memory as either the LOW or HIGH nibble column. Accordingly, the nibble-wide writes 
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are appropriately effectuated in a memory instance having the output-based column 
redundancy scheme of the present invention. 

Based on the foregoing, it should be appreciated that the present invention 
provides a redundancy scheme that advantageously overcomes the deficiencies and 
5 shortcomings of the prior art in terms of: (i) efficient layout; (ii) compiler-friendliness; and 
(iii) throughput of fuse processing. 

Since fuses are typically provided as top-level structures which completely block other 
signals and power lines, it is very difficult to lay out fuses and integrate with the rest of 
sub-blocks of a memory instance in conventional redundancy schemes. Clearly, such 

10 approaches result in inefficient layouts in terms of area and quality (because creating 
power grids may not be feasible). 

Also, the present invention provides the advantage of efficient routing with respect 
to embedded, multi-instance semiconductor devices. By way of example, FIG. 12 
illustrates two semiconductor devices, a conventional device 1200B and one provided in 

15 accordance with the teachings of the present invention, device 1200A. Three memory 
instances, 1202A - 1202C, are exemplified in the device 1200A, wherein by removing 
fuses (which block routing) from inside of the memory instances and placing them as a 
fuse box 1204 in an area, e.g., a corner, routing is not deleteriously impacted. 
Accordingly, an area-efficient (i.e., very compact) memory core is advantageously 

20 achieved. On the other hand, in the conventional device 1 200B ? each of the three memory 
instances (1206 A through 1206A) is provided with fuses inside the array ( for example, 
fuses 1208 A are disposed in the memory 1 206 A, etc.). Accordingly, the fuse areas within 
the memory instances block the routing over them, causing routing congestion thereby. 
It should therefore be appreciated that the present invention overcomes the routing 

25 congestion and related "place and route" problems prevalent in conventional fuse 
arrangements. 

In addition, because of the routing advantages set forth above, the present 
invention makes it possible to lay out of multi-level power grids. Thus, IR drops within 
the circuitry are advantageously minimized and current density through power lines is 
30 reduced. 
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Further, as set forth hereinbefore, in the existing solutions it is very difficult to tile 
fuses and connect fuses to periphery layouts because of the pitch mis-match between the 
row-decoder fuses and memory core cells. Conventional redundancy schemes, therefore, 
may require a substantial area of routing channels. On the other hand, the present 
5 invention allows a design paradigm where an arbitrary number of fuses can be tiled and 
connected very easily by means of scalable compilers. 

Moreover, in the manufacture of semiconductor devices having fuses, it is 
desirable to orient the fuses in a single axis so that they can be efficiently fabricated. In 
addition, by placing the fuses in one location (e.g., a centrally placed location), throughput 
10 of blowing fuses is substantially improved, thereby reducing the cost of manufacturing 
chips. The present invention advantageously provides for such fuse placement. 

Furthermore, because the fuse box and memory instances are connected in a daisy 
chain in accordance with the teachings of the present invention, typically only one global 
line is needed between the fuse box and a memory instance, and between instances. It 
1 5 should be readily appreciated that the present invention substantially reduces the number 
of global lines needed for a particular semiconductor device. Clearly, such an advantage 
is more particularly beneficial in integrating multi-embedded memory instances in a SOC 
device because of the reduction of routing overhead. The daisy-chain arrangement among 
the fuses and redundancy scan flip-flops allows individual fuse contents to be read out by 
20 easy scanning. Also, relatedly, fuses and redundancy scan flip-flops can be easily tested. 

Additionally, it is believed that the operation and construction of the present 
invention will be apparent from the foregoing Detailed Description. While the method 
and system shown and described have been characterized as being preferred, it should be 
readily understood that various changes and modifications could be made therein without 
25 departing from the scope of the present invention as set forth in the following claims. For 
example, although the presently preferred exemplary embodiments of the present 
invention have been described with block replacement of redundant wordlines and column 
blocks, it should be realized that the redundancy scheme of the present invention may be 
practiced with single redundant wordlines and bitlines, and numerous 
30 permutations/combinations thereof. Also, the teachings of the present invention are 
applicable to any type of memory, heretofore known and unknown, that implements 
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redundancy. Furthermore, although laser fuses have been exemplified in the present 
patent application, the teachings herein are applicable to a variety of fuses such as, for 
example, non- volatile memory fuses, electrical fuses, et cetera. Accordingly, it should be 
clearly understood that these and other numerous variations, substitutions, additions, re- 
5 arrangements and modifications are contemplated to be within the ambit of the present 
invention whose scope is solely limited by the claims set forth below. 
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WHAT IS CLAIMED IS: 

1 1. An integrated semiconductor device, comprising: 

2 a plurality of memory instances embedded in said integrated semiconductor 

3 device's circuitry, wherein at least one of said plurality of memory instances comprises 

4 a prime memory array and a redundant memory portion; 

5 a volatile scan register disposed in said at least one of said plurality of 

6 memory instances, said volatile scan register including a plurality of concatenated flip- 

7 flops; 

8 a fuse box register disposed external to said plurality of memory instances 

9 in a selected area of said integrated semiconductor device, said fuse box register including 

1 0 a plurality of fuses for storing fuse information, each fuse being in either an open or closed 

1 1 state, wherein said fuse information is associated with location data pertaining to a faulty 

12 portion in said prime memory array; and 

4-3 — means for tr an s f err in g said fnsp informat ion to said volatile scan register 

14 from said fuse box register upon a reset of said integrated semiconductor device, 

15 wherein said fuse information in said volatile scan register is used for 

16 replacing said faulty portion in said prime memory array with at least a part of said 

17 redundant memory portion. 

1 2. The integrated semiconductor device as set forth in claim 1, wherein said 



2 faulty portion includes a faulty wordline and a portion of said volatile scan register stores 

3 an address of said faulty wordline provided from said fuse box register, and further 

4 wherein said scan register is coupled to a comparator provided for comparing a row 

5 address with said address of said faulty wordline, said comparator generating a control 



6 signal for effectuating a replacement of said faulty wordline with a redundant wordline in 

7 said redundant memory portion when there is a match between said row address and said 

8 address of said faulty wordline. 

1 3. The integrated semiconductor device as set forth in claim 1, further 

2 including a plurality of 2:1 multiplexers, the output of each of which is provided to a 

3 corresponding I/O block of said at least one memory instance, each 2:1 multiplexer 
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4 receiving inputs from two sense amplifiers which are coupled to adjacent column blocks, 

5 including a redundant column block provided in said redundant portion, wherein said 

6 faulty portion includes a faulty column block in said prime memory array, and further 

7 wherein the contents of said volatile scan register are scanned in from said fuse box 

8 register, each flip-flop in said scan register providing a control signal to a corresponding 

9 2:1 multiplexer for steering one of said two sense amplifiers to the output of said 2:1 
10 multiplexer. 



1 4. The integrated semiconductor device as set forth in claim 3, further 

2 comprising: 

3 a plurality of Data In Drivers (DINs), each of which effectuates writing of 

4 data into a corresponding I/O block of said at least one memory instance; 

5 a first Write Enable Mask ( WEM) generator to produce a first WEM signal 

6 that selectively a ctivates a first portion of said plurality of DINs such that data is written 

7 into a corresponding first portion of the I/O blocks; 

8 a second WEM generator to produce a second WEM signal that selectively 

9 activates a second portion of said plurality of DINs such that data is written into a 

10 corresponding second portion of the I/O blocks; and 

11 a 2:1 MUX coupled to said first and second WEM generators, said 2:1 



1 2 MUX for generating an enable signal corresponding to one of said first WEM and second 

13 WEM signals, said enable signal being provided to a DIN that corresponds to a sense 

14 amplifier that is multiplexed to either said first portion or said second portion of the I/O 

15 blocks depending on the contents of said volatile scan register, said 2:1 MUX being 

1 6 controlled by one of its flip-flops. 

1 5 . The integrated semiconductor device as set forth in claim 1 , wherein more 

2 than two instances of said plurality of memory instances comprise a prime memory array 

3 and a redundant memory portion each, said more than two instances being daisy-chained 

4 with said fuse box register. 
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1 6. The integrated semiconductor device as set forth in claim 1 , wherein said 

2 at least one of said plurality of memory instances comprises a Dynamic Random Access 

3 Memory (DRAM) circuit. 

1 7. The integrated semiconductor device as set forth in claim 1 , wherein said 

2 at least one of said plurality of memory instances comprises a Static Random Access 

3 Memory (SRAM) circuit. 

1 8. The integrated semiconductor device as set forth in claim 1 , wherein said 

2 at least one of said plurality of memory instances comprises an Electrically Programmable 

3 Read-Only Memory (EPROM) circuit. 

1 9. The integrated semiconductor device as set forth in claim 1 , wherein said 

2 at least one of said plurality of memory instances comprises a Flash EPROM circuit. 

1 10. The integrated semiconductor device as set forth in claim 1, further 

2 including means for replacing an arbitrary number (N) of faulty column blocks in said 

3 prime memory array using an equal number of column blocks provided in said redundant 

4 portion. 

1 11. The integrated semiconductor device as set forth in claim 1 0, wherein said 



2 means for replacing an arbitrary number (N) of faulty column blocks in said prime 

3 memory array comprises N levels of 2:1 multiplexers controlled by the contents of a 

4 column redundancy scan register portion provided in said volatile register, each level 

5 including a number of 2:1 multiplexers that is one less than the number of 2:1 

6 multiplexers provided in an immediately preceding level. 

1 12. The integrated semiconductor device as set forth in claim 1 0, wherein said 

2 means for replacing an arbitrary number (N) of faulty column blocks in said prime 

3 memory array comprises a plurality of (N+l): 1 multiplexers, the output of each of which 

4 is provided to a corresponding column I/O of said at least one memory instance, said 
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5 (N+l):l multiplexers being controlled by the contents of a column redundancy scan 

6 register portion provided in said volatile register. 

1 13. The integrated semiconductor device as set forth in claim 1, further 

2 including means for loading override fuse information into a plurality of flip-flops 

3 provided with said fuse box register, wherein said override fuse information is provided 

4 for pre-testing said redundant portion of said at least one memory instance. 

14. A memory compiler for use with designing an integrated semiconductor 
device, said device having a plurality of embedded memory instances, wherein at least one 
of said plurality of embedded memory instances includes a redundant portion, comprising: 
a memory macro cell associated with said plurality of embedded memory 

instances; 

a fuse box register having a plurality of fuses for storing fuse data in order 
to effectuate a replacement of a faulty memory portion in said at least one of said plurality 
of embedded memory instances with said redundant portion, said fuse box register being 
located outside said memory macro cell; and 

a plurality of redundancy scan flip-flops located in said at least one of said 
plurality of embedded memory instances, said redundancy scan flip-flops receiving said 
fuse data from said fuse box register at reset of said integrated semiconductor device. 

13 15. The memory compiler as set forth in claim 1 4, wherein said plurality of 

14 redundancy scan flip-flops are organized into a scan register and said faulty memory 

15 portion includes a faulty wordline, a portion of said scan register containing an address 

1 6 of said faulty wordline, and further wherein said scan register is coupled to a comparator 

17 provided for comparing a row address with said address of said faulty wordline, said 

18 comparator generating a control signal for effectuating a replacement of said faulty 

19 wordline with a wordline provided in said redundant portion when there is a match 

20 between said row address and said address of said faulty wordline. 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 



29 



WO 01/41150 



PCT/US00/42421 



1 1 6. The memory compiler as set forth in claim 1 4, further including a plurality 

2 of 2:1 multiplexers, the output of each of which is provided to a corresponding column 

3 I/O of said at least one memory instance, each 2: 1 multiplexer receiving inputs from two 

4 sense amplifiers coupled to adjacent column blocks, including a redundant column block 

5 provided in said redundant portion, wherein said faulty memory portion includes a faulty 

6 column block, wherein said plurality of redundancy scan flip-flops are organized into a 

7 scan register, the contents of which provide control signals to said 2:1 multiplexers for 

8 steering one of their respective sense amplifier inputs to the corresponding column I/O. 

1 17. The memory compiler as set forth in claim 14, wherein said plurality of 

2 redundancy scan flip-flops are organized into a row scan register for effectuating wordline 

3 redundancy using a comparator for comparing a row address with a faulty wordline 

4 address and a column scan register for effectuating bitline redundancy by means of a 

5 plurality of 2: 1 multiplexers. 



1 18. The memory compiler as set forth in claim 17, wherein said integrated 

2 semiconductor device comprises a System-On-Chip (SOC) device, and further wherein 

3 said at least one of said plurality of embedded memory instances comprises a DRAM 

4 circuit. 

1 19. The memory compiler as set forth in claim 17, wherein said integrated 

2 semiconductor device comprises a System-On-Chip (SOC) device, and further wherein 

3 said at least one of said plurality of embedded memory instances comprises an EPROM 

4 circuit. 

1 20. The memory compiler as set forth in claim 17, wherein said integrated 

2 semiconductor device comprises a System-On-Chip (SOC) device, and further wherein 

3 said at least one of said plurality of embedded memory instances comprises a Flash 

4 memory circuit. 
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1 2L The memory compiler as set forth in claim 17, wherein said integrated 

2 semiconductor device comprises a System-On-Chip (SOC) device, and further wherein 

3 said at least one of said plurality of embedded memory instances comprises a SRAM 

4 circuit. 

1 22. A method of effectuating redundancy in a memory circuit, comprising the 

2 steps of: 

3 providing a fuse area outside a main memory area of said memory circuit, 

4 said fuse area for storing fuse information corresponding to faulty locations of said main 

5 memory area; 

6 providing a plurality of redundancy scan flip-flops in said main memory 

7 area; 

8 pre-testing a redundant memory area of said memory circuit before said 

9 fuse information is loaded; 

10 testing said main memory area and, if said testing step determines said 

1 1 faulty locations, storing in said fuse area said fuse information corresponding said faulty 

12 locations; 

1 3 upon power-up of said memory circuit, resetting said memory circuit and 

14 scanning said fuse information into said plurality of redundancy scan flip-flops; and 

1 5 replacing said faulty locations in said main memory area with locations in 

16 said redundant area based on said fuse information in said plurality of redundancy scan 

17 flip-flops. 



31 



WO 01/41150 



PCT/US00/42421 




1 / 19 



WO 01/41150 



PCT/US00/42421 



\Z(£-ooo! 



£<3r Lb C teofc Aht) 




20 



2 / 19 



WO 01/41150 



PCT/US00/42421 



\ ZG3 -oooi 



(&iofc Art) 




10b 



fob 



fjq. zc 
(ft/a? Art) 



I 

l_ 

r 




I 




I 



I 



5 




1214 £ 



3 / 19 



WO 01/41150 



PCT/US00/42421 



f)Gi-3 A 



7° 



AD 



XMSTZ 



10 



DOST 1 



^ 



0^ 



f^USC Go* 



6 / 19 



WO 01/41150 PCT/USOO/42421 



W° 7 ' X ,^' 2 ,i* 2 ' 3 ,0V* 















n 


n 


a 


a 


\to3 
















CLK 











* ♦ 4 





r 



,,ot 



I 

I 

L 



s 



S 



I I ,. 



s 



J 



7 / 19 



WO 01/41150 



PCT/USOO/42421 




lQOO-2 37L\ 



4 / 19 



WO 01/41150 



PCT/USOO/42421 




) oqo-£<=)Z\ 



5 / 19 



WO 01/41150 



PCT/US00/42421 



Eft- 4 



override fuse data 



fuse box 



2Qh 

OV RSCIN 



3/8 

RSCOUT x 



RESET 
RSCEN 
CLK s/?02 

I-* 1-3 I" 



-1 



Read out fuse data 



INSTO 



RSCIN RSCOUJ 
RSCEN 



CLK 



206* 



INST1 X 



RSCTN RSCOUT] 
RSCEN 



CLK 



N instances, 
Where N is 
arbitral-)' 



RSCIN 



4*2- f 



RSCEN 
CLK 




5^ Q 

> 



RSCO 



RSCOUT 



D Q 



RSC1 



o 

g D 



D 



RSC2 



Q- 



RSC3 



'402-M 



Q "fOf 



CLk - 



• o «> 



951 X-t^F 



#3 



WO 01/41150 



PCT/US00/42421 



iZ-Gri-OCOt 



1 



^ 0J AlObS A 



"V. 



> 



^06 



L_ 



V 



V 



FiG, -7 a 




9 / 19 



WO 01/41150 PCTVUSOO/42421 



Load 



LoAP - 
<RSC0J — 
CU< — 



O-K - 



OvjJE SC1M 



sol 



I 



Fuse ^£>>- 




FF 

{> 



6c3 



<7 



fuse fcc* 



^7 



10 / 19 



WO 01/41150 



PCT/US00/42421 



12 b3-°°°l 



FF CUfi\ti 



6t>H 



"n\>TO f 

ruse t 


"RoM fures 


\ 


/ 


SCAM OUT HASe 

Fuse tec* ^Jto 



•6/o 



JT/UCcMtrJG 



04e 



B42. 




hiO 



1 



04 & 



REPLACE UtfH 



1 



11 / 19 



WO 01/41150 



PCT/US00/42421 




12 / 19 



WO 01/41150 



PCT/US00/42421 




13 / 19 



WO 01/41150 PCT/US00/42421 

12^3 - ooo{ 



Address 



CLK 



in- 



Hi 



X 



Address 
comparison 



X 



14 / 19 



WO 01/41150 



PCT/US00/42421 




looo - £92| 



15 / 19 



1263 -ooo/ 



PCT/US00/42421 



Fl6r IOA 




rcoG b 



16 / 19 



WO 01/41150 



PCT/US00/42421 



L A 



10^ A • 
/DO<if' 



FF 



FF 



FF 



FF 



FF 



fF 



"553 



>-[ mux 



T 



V 



1\0<p 



VP* 




3:, mux 



1 



3r/ MUX 



Ico/f-c 



v 



j/dz 



V 



X/03 



17 / 19 



WO 01/41150 PCT/US00/42421 



n f-v n a 



weh i- 



MUX 



MUX 



5*1 | 


^A2- 


SA3 





MUX 



NUT 



12 oh 



S4& 



MO* 



%>3 



MX 



tt<A>r 



Tjbl 



/2D& 



-i2 a 



v- 



-V — 

Lais) 



J?* 1 * 



18 / .19 



WO 01/41150 



PCT/US00/42421 



2 













XA 
M 


CD 
CD 














































II .. 










) 




U> 

I 










< 




\j 


^. — . 




O —7 

ft 






■ o 






) 








































i 


L 

















V) 



o 

V- 
M 

> 

•o 

x 

u> 
2: 



< 

■a 
o 



s 



a 



to 

o 
n 



■J. 



o 



IE 































-u 


<r 
0 

? 






1 0 
















/ 
















\ — . — I 





















































•x> 2 

o > 

Id 
0 1 



I <?00 -£9Z\ 



19 / 19 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
7 June 2001 (07.06.2001) 




PCT 



Mil III 



(10) International Publication Number 

WO 01/41150 A3 



(51) International Patent Classification 7 ; G06F 11/20, 

G11C 29/00 

(21) International Application Number: PCT/US00/42421 

(22) International Filing Date: 

30 November 2000 (30.1 1.200O) 



(81) Designated States (national): AE, AG, AL, AM, AT, AIL 
AZ. BA, BB. BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR. 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MR MW, MX, MZ, 
NO, NZ. PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

09/455,045 6 December 1999 (06.12.1999) US 

(71) Applicant: VIRAGE LOGIC CORP. [US/US]: 46501 
Landing Pkwy., Fremont. CA 94538 (US). 

(72) Inventors: SHU BAT, Alex; 236 Ottawa Way. Fremont, 
CA 94538 (US). HONG, Chang, Hee; 6330 Joaquin Muri- 
eta Avenue, Apt. C, Newark, CA 94560 (US). 



(84) Designated States (regional): ARIPO patent (GH, GM. 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD. RU, TJ, TM), European 
patent (AT, BE, CH. CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, ML, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

13 December 2001 



(74) Agent: DANAMRAJ, Shreen, K.; Smith & Danamxaj & 
Youst, PC, Suite 1200, LB-15, 12900 Preston Road, Dal- 
las, TX 75230-1328 (US). 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: ARCHITECTURE WITH MULT1 -IN STANCE REDUNDANCY IMPLEMENTATION 



< 
© 



override fuse data 



\ 



fuse box 



20t> 



RSCOUT ^ 



OVRSCIN 
















RESET 








RSCEN 








CLK 




-i 


- f 


-z 


S 




-"1 



y0 



Read out fuse data 
INSTO 



RSCIN RSCOUJ 
RSCEN 



CLK 



'rson 



110 



INSTI X 



RSCOUT 



RSCEN 



CLK 



• 0 • 

N instances, 
Where N is 
arbitrary 



O 



(57) Abstract: A semiconductor memory archicecture for embedded memory instances (204 A, 204B) having redundancy. A fuse 
box register (206) is provided outside the memory macro associated with the memory instances. The memory instances are daisy- 
chained to the fuse box register (206) containing a plurality of fuses (302) used for storing fuse data associated with the defective rows 
and columns of the memory. During power-up or after blowing the fuses, the contents of the fuses (i.e., fuse data) are transferred to a 
plurality of volatile redundancy scan flip-flops (304). The fuse box (206) is then deactivated to eliminate quiescent through the fuses 
(302). The redundancy scan flip-flops (304). connected in a scan chain, are located inside the fuse box (206) as well as the memory 
instances (204A, 204B). During the shifting mode of operation, the fuse contents are scanned into individual flip-flops, organized 
as scan registers (208 A, 208B) for row redundancy and column redundancy, of the memory instances. Redundant elements are 
pre-tested by bypassing the fuses (302) and directly scanning in arbitrary patterns into the redundancy scan flip-flops (304) (override 
mode ODeration). 



INTERNATIONAL SEARCH REPORT 



lr national Application No 

PtT/US 00/42421 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G06F11/20 G11C29/00 



According to International Patent Classification (IPC) or to both national classification and-IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification svsiem followed by classification symbolsi 

IPC 7 G06F G11C 



Documentation searched other than minimum documentation to the extent that sucli documents are included in the lields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

IBM-TDB, EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category J Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 867 810 A (SIEMENS AG) 
30 September 1998 (1998-09-30) 



abstract 

column 3, line 47 -column 
column 4, line 49 -column 
figures 2,4A 



1 ine 
1 ine 



21 
48 



US 5 255 227 A (HAEFFELE JEFFREY 
19 October 1993 (1993-10-19) 
abstract 



J) 



1,2, 

5-10,14, 
15,18-22 
3,12,16 
4,17 



3,12,16 

1,5,10, 
17 



column 4, 
column 6, 
column 7, 
column 8. 
figures 



1 ine 
line 
line 
1 ine 
2,4 



23 -column 5, line 33 
1 - 1 1 ne 4 
38 - line 60 
32 - 1 i ne 58 



-/- 



X Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories ot cued documents : 

*A" document defining the general slate of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or atler the international 

tiling date 

"L* document which mav throw doubts on priority claim(S) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified > 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

*P" document published prior to the international tiling dale but 
later than the priority date claimed 



•T" later document published after the international tiling date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken atone 

•Y" document of particular relevance, the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&* document member of the same patent family 



Date ot the actual completion ot the international search 



18 September 2001 



Date ot mailing of the international search report 



25/09/2001 



Name and mailing address of the ISA 

European Patent Office. P B. 5818 Patentlaan 2 
NL - 2260 HV Rijswijk 
Tel. i+31-70) 340-2040. Tx 31 65 1 epo nt. 
Fax: (+31-70) 340-3016 



Authorized officer 



Leuridan, K 



Form PC T. 'ISA/2 io { Second sheen (July 1992) 



page 1- of 2 



INTERNATIONAL SEARCH REPORT 



Ir national Application No 

PtT/US 00/42421 



C.(Conttnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with mdicaiton.where appropriate, of the relevant passages 



Relevant lo claim No. 



US 5 301 153 A (JOHNSON LARRY D) 
5 April 1994 (1994-04-05) 
abstract 

column 8, line 17 - line 39 



US 5 668 818 
16 September 
abstract 
column 4, line 
column 7, line 
column 8, line 
figures 1,3B 



A (BENNETT MICHAEL 
1997 (1997-09-16) 



J . ET AL) 



11 



13 



5 - 
13 - 
1 - 



line 8 

line 41 
line 2 



EP 0 158 006 A (IBM) 

16 October 1985 (1985-10-16) 

abstract 

page 5, line 21 - line 28 
page 7, line 9 -page 8, line 14. 
page 8, line 30 -page 9, line 15 
figures 4,8 



13 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



k -national Application No 

l-a/US 00/42421 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication . 
date 


r_r uou/ oiu 


A 
n 


30-09-1998 


1 K 

u O 


jOj^OUI n 


12-01-1999 








CN 


1195173 A 


07-10-1998 








EP 


0867810 A2 


30-09-1998 








JP 


10275494 A 


13-10-1998 


US 5255227 


A 


19-10-1993 


NONE 






US 5301153 


A 


05-04-1994 


NONE 







US 


5668818 


A 


16-09- 


1997 


DE 
GB 
JP 


19729163 Al 
2316180 A ,B 
10092291 A 


12-02-1998 
18-02-1998 
10-04-1998 


EP 


0158006 


A 


16-10- 


-1985 


US 


4581739 A 


08-04-1986 












EP 


0158006 A2 


16-10-1985 












JP 


2029985 C 


19-03-1996 












JP 


7050450 B 


31-05-1995 












JP 


60220445 A 


05-11-1985 



00U-SZ6 (W6) "131 

zzoee vaiyou 'ooomatioh 
osw xca od 

lNVOnddV 

^Pjjv^^m — ;0N 1V)y3S 

^fO^x^-ONBMOOa 



Form PCT'ISA/210 (patent tamtly annex) (July 1992) 



